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Abstract: 
            Across the world, people are more prompt to the application of mechanical cooling system for indoor 
comfort. In the past twenty years, developing countries have encountered significant critical period in the 
depletion of natural resources because of the large amount of heat energy from buildings. The high 
consumption of energy by human has significantly affected the climate ultimately be the cause of climate 
change and depletion of the ozone layer. The aim of the study is to introduce the application of passive 
cooling systems to maximize the indoor comfort while keep the consumption of energy to minimum by 
building occupants. Thus, this present paper reviews and accesses on the several passive cooling strategies 
and their benefits in delivering comfort to indoor building occupants.  
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I.     INTRODUCTION 

In this developing world, majority of developing 
countries are experiencing rapid growing population 
and urbanization over the years (Kubota et al., 2011). 
According to Santamouris (2005), construction 
sector is one of the major contributors to the 
economy. With the rapid growing population, this 
has increased human’s need for housings. This 
brings to a point where the energy consumptions by 
indoor occupants have increased. Kamal (2012) 
highlighted that, developing countries have 
experienced energy crisis that due to occupant 
comfort needs and this has led to high energy 
consumption in buildings. In Malaysia, the growing 
of population has increased drastically from 10.4 
million to 22.2 million in the year 1970 to 2000 and 
this brings to the high energy demand of five times 
greater in the last two decades (Kubota et al., 2011). 
In the recent survey found by Suruhanjaya Tenaga 
(2017), building sector has occupied 40% of energy 
consumption in Malaysia where industry sector has 
taken up 32% and transportation sector 28%.  

Following the development of world economy, 
science and technology, the standard of life and 

requirement of quality are improving. Humans have 
strong desire in demanding better quality life in 
terms of their thermal comfort, habits, design, and 
life style. Comfort of human is becoming one of the 
essential matters in worldwide. Rajapaksha, Nagai 
and Okumiya (2003) revealed that high temperature 
of indoor is commonly happen in warm and humid 
region because of the solar can easily gain access 
into interior of the building. This problem commonly 
happens in Malaysia’s terraced houses which they 
are built repetitively in a row. Based on the study of 
previous researchers, building has occupied 50% of 
energy for user’s thermal comfort (Hassan et al., 
2014). Hassan et al., (2014) stated with this high 
consumption of energy by housing occupants for 
their indoor comfort has resulted environmental 
issues in recent years. In the study of Kamal (2012), 
the over consumption of energy has caused acid rain, 
smog formation, and climate changes.  

Therefore, with the awareness of high temperature 
and high humidity conditions in Malaysia, it is 
recommended to utilize natural ventilation such as 
passive cooling as an appropriate cooling method to 
prevent indoor overheating and climate 
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modifications (Rajapaksha, Nagai and Okumiya, 
2003). 

II.      PROBLEM STATEMENT 

The problem statement highlights that the increasing 
dependence on mechanical cooling systems, 
particularly air conditioning, has resulted in 
excessive energy consumption and negative impacts 
on the environment. In tropical countries such as 
Malaysia and other Southeast Asian nations, the hot 
and humid climate increases the need for indoor 
thermal comfort, leading occupants to rely heavily 
on air-conditioning systems (Maarof & Jones, n.d.). 
Research shows that households using air-
conditioners consume 1.5 times more energy than 
households without them, with an average usage of 
six hours daily (Kubota et al., 2011). Furthermore, 
the widespread installation of air-conditioning units 
worldwide demonstrates the growing dependence on 
mechanical cooling systems (IIR, 2002). 
Consequently, traditional natural cooling techniques 
and passive design strategies are increasingly 
neglected, contributing to higher energy 
consumption and environmental degradation 
(Samuel, Nagendra & Maiya, 2013; Kamal, 2012) 

 
III.   RESEARCH AIM 

The aim of this research is to reduce the usage of 
mechanical cooling system by studying the strategies 
to implement passive cooling and optimize the use 
of passive cooling towards intermediate houses in 
Malaysia. 
 
IV. PASSIVE COOLING DESIGN STRATEGIES  
 
Passive cooling design refers to architectural and 
environmental strategies that utilize natural 
resources such as wind, shading, vegetation, and 
material properties to achieve indoor thermal 
comfort without relying heavily on mechanical 
cooling systems like air-conditioning (Altan et al., 
2016). In tropical countries such as Malaysia, where 
the climate is hot and humid throughout the year, 
passive cooling is essential because buildings are 
highly exposed to solar radiation, high temperatures, 
and humidity (Kamal, 2012). Excessive use of 
mechanical cooling systems not only increases 
electricity consumption but also contributes to 

environmental degradation and higher cooling costs 
(Roslan et al., 2016). Therefore, passive cooling 
strategies are increasingly recognized as sustainable 
approaches to improve indoor comfort, reduce heat 
gain, lower energy consumption, and enhance indoor 
air quality. 

1. Shading Devices 

Shading devices are one of the most practical and 
effective passive cooling strategies because they 
prevent direct solar radiation from penetrating into 
the building envelope (Ahmadkhani, 2011). Solar 
heat gain mainly occurs through roofs, walls, and 
openings such as windows and doors. By blocking 
sunlight before it enters the interior space, shading 
devices help maintain lower indoor temperatures and 
reduce the need for air-conditioning systems. 

Research by Wahab and Ismail (n.d.) showed that 
appropriate shading devices can reduce cooling costs 
by up to 40%, while Kumar, Garg and Kaushik 
(2005) found that shaded buildings can lower indoor 
temperatures by approximately 2.5°C to 4.5°C 
compared to buildings without shading. This 
demonstrates that shading devices significantly 
improve thermal performance and energy efficiency. 

Shading devices can be categorized into external and 
internal shading systems. External shading devices 
are more efficient because they intercept solar 
radiation before it reaches the building interior 
(Ahmadkhani, 2011). Examples include overhangs, 
louvers, awnings, and canopies. Horizontal shading 
devices are considered more effective than vertical 
shading systems in tropical climates because they 
better block high-angle sunlight (Ahmadkhani, 
2011). However, their effectiveness depends greatly 
on building orientation, solar angle, and climatic 
conditions (Subramanian & Divya, 2016). 

Louvers are widely used because they can provide 
shading while still allowing airflow and daylight 
penetration. Taleb (2014) explained that louvers 
tilted at 45 degrees are particularly suitable for hot 
and humid climates because they block solar 
radiation and rain while permitting natural 
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ventilation. Louvers also help reduce radiant heat 
when the sun is at a high angle but continue to 
provide sufficient daylight indoors. In addition, 
combining shading devices with tinted or reflective 
glass can further improve cooling efficiency by 
reducing solar heat penetration (Chenvidyakarn, 
2007). 

Overhangs are another common shading strategy. 
They are particularly effective for south-facing 
windows where solar angles are high (Kamal, 2012). 
According to Florides et al. (2002), larger overhang 
spans increase shading effectiveness and reduce 
annual cooling loads. Studies revealed that installing 
overhangs with a span of 1.5 meters can reduce 
yearly cooling loads by approximately 7%. 
Therefore, shading devices not only improve 
occupant comfort but also reduce energy 
consumption and operational costs. 

 2. Shading by Trees and Vegetation 

Vegetation and landscaping are natural passive 
cooling elements that moderate surrounding 
temperatures and reduce heat gain around buildings 
(Kamal, 2012). Trees, shrubs, climbers, pergolas, 
and ground vegetation provide shade to roofs, walls, 
and windows while reducing the amount of direct 
solar radiation reaching the building envelope 
(Chenvidyakarn, 2007). 

One important cooling mechanism provided by 
vegetation is evapotranspiration, where plants 
release water vapor into the atmosphere and cool the 
surrounding environment. Ahmadkhani (2011), 
Kamal (2012), and Magaji and Sa’adiya Ilyasu 
(2017) found that vegetation can reduce surrounding 
temperatures by approximately 5°C. This cooling 
effect significantly improves outdoor microclimates 
and indirectly enhances indoor thermal comfort. 
Research on Traditional Malay Houses also 
demonstrated that surrounding vegetation effectively 
lowers indoor temperatures and creates a cooler 
living environment (Wahab & Ismail, n.d.). In 
addition, shaded exterior walls can be 5°C to 15°C 
cooler compared to unshaded walls (Chenvidyakarn, 

2007). This reduction minimizes heat transfer into 
the building interior. 

The effectiveness of vegetation depends on factors 
such as plant type, orientation, density, and growth 
characteristics (Ahmadkhani, 2011). Large trees 
provide broad shading coverage, while climbing 
plants such as English ivy and jasmine are suitable 
for terrace houses with limited outdoor space. 
Ground vegetation also reduces reflected solar 
radiation from paved surfaces and prevents heat 
accumulation around buildings (Chenvidyakarn, 
2007). When integrated with other passive cooling 
methods such as shading devices and insulation, 
vegetation can significantly improve building 
thermal performance. 

3. Choice of Materials 

Building materials strongly influence the amount of 
heat absorbed, stored, and transferred into indoor 
spaces (Chenvidyakarn, 2007). Appropriate material 
selection is therefore essential for reducing heat gain 
and improving thermal comfort in tropical climates. 
Roof systems are especially important because roofs 
receive the highest solar exposure. Studies suggest 
that roofs constructed with multiple layers, including 
insulation, reflective materials, and ventilation gaps, 
can effectively minimize heat transfer into buildings 
(Wahab & Ismail, n.d.). Reflective materials such as 
aluminium foil reduce radiant heat absorption, while 
insulation materials like glass fibre and foam slow 
heat conduction (Chenvidyakarn, 2007). Ventilation 
gaps between roof layers help remove trapped hot air 
and improve cooling efficiency. 

Wall materials also influence thermal performance. 
Materials with high reflectivity, such as white 
plaster, reflect more solar radiation than darker or 
denser materials like concrete blocks. White plaster 
can reflect up to 80% of heat, while concrete blocks 
reflect only around 23–30% (Panulin, n.d.). In hot 
and humid climates, lightweight materials are 
generally preferred because they cool down more 
rapidly at night and release less stored heat into 
indoor spaces (Bodach, Lang & Hamhaber, 2014). 
However, Chenvidyakarn (2007) explained that 
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thermal mass materials may still be useful during 
daytime because they delay heat transfer and 
stabilize indoor temperatures. Thus, material 
selection should consider climatic conditions, 
occupancy patterns, and building functions. 

4. Choice of Colour 

Colour selection significantly affects heat absorption 
and thermal efficiency of building envelopes (Han, 
Lu & Yang, 2009). Dark-coloured surfaces absorb 
more solar radiation, while light-coloured surfaces 
reflect more heat and maintain cooler surface 
temperatures. Research by Wahab and Ismail (n.d.) 
showed that dark surfaces can absorb between 70% 
and 90% of solar heat, increasing indoor 
temperatures and cooling loads. In contrast, light-
coloured and smooth surfaces reflect solar radiation 
more effectively, reducing heat transfer into 
buildings (Chenvidyakarn, 2007). 

Han, Lu and Yang (2009) conducted studies 
comparing black and white painted surfaces and 
found that black surfaces absorbed significantly 
more heat than white surfaces. Buildings with high 
absorptivity surfaces require greater mechanical 
cooling to maintain thermal comfort. Therefore, the 
use of light-coloured roofing and wall finishes is 
recommended for tropical climates because it lowers 
indoor temperatures and reduces energy demand 
(Ahmed et al., 2014). 

5. Building Orientation 

Building orientation determines the amount of solar 
radiation and natural airflow received by a building 
(Thomas & Garnham, 2007). Proper orientation is 
crucial in hot and humid climates because it directly 
influences indoor thermal comfort, natural 
ventilation, and energy efficiency. Chenvidyakarn 
(2007) emphasized that traditional tropical houses 
often adopt spread-out layouts where longer building 
facades face prevailing winds to maximize 
ventilation. Windward orientations intercept cool 
breezes, while minimizing exposure to intense solar 
radiation from east and west directions. 

Research indicates that east and west facades receive 
the greatest solar exposure and therefore should 
minimize large openings or windows (La Roche et 
al., 2001). Spaces with high occupancy such as living 
rooms should ideally face north or other cooler 
orientations, while less occupied spaces such as 
storerooms or washrooms can be placed on hotter 
facades to act as thermal buffers (South African 
National Standard, 2011). Proper orientation reduces 
heat gain, improves daylighting, enhances airflow, 
and decreases dependence on artificial cooling and 
lighting systems. 

6. Building Form and Natural Ventilation 

Building form influences airflow patterns, heat 
exposure, and ventilation performance (Daghigh, 
2015). Compact building forms reduce the amount 
of exposed building envelope and therefore 
minimize solar heat penetration (Hassan, Lee & Oh, 
2016). Features such as undulating roofs can create 
self-shading effects and improve thermal 
performance. 

Natural ventilation is one of the most important 
passive cooling strategies in tropical architecture 
because it improves airflow, indoor air quality, and 
occupant comfort without energy consumption. 
Studies found that natural ventilation can reduce 
electricity costs by up to 40% (Ahmed et al., 2014). 

Two major natural ventilation strategies are cross 
ventilation and stack ventilation. Cross ventilation 
occurs when air enters through openings on one side 
of a building and exits through opposite openings, 
creating continuous airflow (Ahmed et al., 2014). 
This strategy removes indoor heat, introduces fresh 
outdoor air, and improves indoor air quality. 
Effective cross ventilation depends on the size, 
placement, and orientation of openings (Altan et al., 
2016). Buildings in tropical climates should orient 
longer facades along the north-south direction to 
maximize prevailing winds (Aflaki, Mahyuddin & 
Mahmoud Awad, 2012). 

Stack ventilation works based on thermal buoyancy, 
where warm air rises and exits through higher 
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openings while cooler air enters through lower 
openings (Ismail & Rahman, 2012). This strategy is 
particularly useful for terrace houses or buildings 
with limited side openings. The effectiveness of 
stack ventilation depends on the height difference 
between openings and the temperature difference 
between indoor and outdoor air (Wahab & Ismail, 
n.d.). Both ventilation strategies improve thermal 
comfort and reduce dependence on mechanical 
systems. 

7. Courtyard Design 

Courtyards are enclosed or semi-enclosed open        
spaces integrated within buildings to improve 
ventilation, shading, and thermal comfort (Younis, 
2016). Courtyards have been widely used in 
Traditional Malay Houses and many vernacular 
architectural styles because they effectively cool 
indoor environments and support social activities. 

Courtyards improve airflow by creating pressure 
differences and encouraging natural ventilation 
throughout surrounding spaces (Rajapaksha, Nagai 
& Okumiya, 2002). Buildings with courtyards 
generally achieve better ventilation and thermal 
comfort compared to mechanically ventilated 
buildings. Courtyards also reduce energy 
consumption by minimizing the need for air-
conditioning (Akande, 2010).The performance of 
courtyards depends on orientation, proportions, wall 
height, and integration of natural elements. Longer 
courtyard axes facing north-south are believed to 
provide better thermal performance because they 
optimize shading and airflow (Almhafdy et al., 
2013). Higher courtyard walls can reduce hot air 
penetration and improve cooling effects (Bulus, 
2016). 

Vegetation and water features inside courtyards 
further enhance thermal performance. Trees provide 
shade and absorb solar radiation, while water ponds 
increase evaporative cooling and reduce surrounding 
temperatures (Jamei et al., 2016). Courtyards 
therefore create a comfortable microclimate that 
improves indoor environmental quality while 
promoting sustainable architectural design. Overall, 

passive cooling strategies demonstrate that 
architectural design, natural ventilation, 
landscaping, material selection, and environmental 
planning can significantly reduce building energy 
consumption and improve thermal comfort. These 
strategies are particularly important in tropical 
climates because they provide sustainable 
alternatives to excessive reliance on mechanical 
cooling systems. 

V. CONCLUSION 

In conclusion, the literature review demonstrates that 
passive cooling strategies are highly effective in 
improving indoor thermal comfort and reducing 
dependence on mechanical cooling systems in 
tropical climates such as Malaysia. The reviewed 
studies consistently highlighted those strategies 
including shading devices, vegetation and 
landscaping, appropriate material selection, light-
coloured building surfaces, proper building 
orientation, natural ventilation, and courtyard design 
contribute significantly to minimizing heat gain, 
enhancing airflow, and lowering indoor 
temperatures. Shading devices such as overhangs 
and louvers were found to effectively block solar 
radiation and reduce cooling loads, while vegetation 
and trees provide additional cooling through shading 
and evapotranspiration processes.  

Furthermore, the use of reflective and insulated 
building materials, together with light-coloured 
surfaces, helps reduce heat absorption and improve 
thermal efficiency of buildings. Proper building 
orientation and compact building forms were also 

identified as important factors in maximizing natural 
ventilation and minimizing direct solar exposure. 
Among the passive cooling approaches, natural 
ventilation strategies such as cross ventilation and 
stack ventilation were emphasized as essential 
methods to improve indoor air quality and thermal 
comfort while reducing electricity consumption. In 
addition, courtyard design was recognized as an 
effective traditional passive cooling strategy that 
enhances ventilation, creates shaded microclimates, 
and improves environmental performance within 
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residential buildings. Overall, the literature review 
confirms that integrating multiple passive cooling 
strategies can provide sustainable, energy-efficient, 
and environmentally friendly solutions for 
residential buildings, particularly intermediate 
houses in Malaysia.  
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